The existence in normal human serum of enzymes belonging to the group of peptidases has been well established in recent years. Grassmann and Heyde (1) first described the hydrolysis of L-leucylglycylglycine ( LGG) and L-leucylglycine (LG) by the serums of different species, including man, and attributed these effects to two rather nonspecific enzymes, one a polypeptidase and the other a dipeptidase. Because of the number of different enzymes which have been isolated in re-
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cent years from animal tissues (2) , it is now generally believed that serum may also contain several peptidases distinguishable by their different specificity patterns.
In most recent investigations the hydrolysis of LGG by serum was compared between normal persons and patients with a variety of diseases. As pointed out by Smith (3) , this peptide is particularly ill-suited as a substrate, since it may be attacked by leucine tripeptidase, both of which appear to be present in human serum. A further complication has often been introduced through the use of cobalt ion which, because of activation of the glycylglycinesplitting enzyme, will cause hydrolysis of the second peptide bond of the tripeptide, in addition to the first. Thus, an increased rate of LGG-hydrolysis in pathologic conditions, as compared with the normal range, may not necessarily indicate an increased tripeptidase activity. The rate of hydrolysis of LGG (or other tripeptides, as indicated) has been reported to be increased in fever (1); fractures (1, 4); lymphatic leukemia, pneumonia, acute rheumatic fever, hypertension, acute barbiturate intoxication (5); lupus erythematosus (with alanylglycylglycine) (6); and in part of the cases of cancer (1, 5); tuberculosis, asthma (5); and acute hemolytic anemia (with glycylglycylglycine)
.
The present study was undertaken to compare the hydrolysis of four peptides by serum of a group of normal controls with that of a number of patients suffering from a variety of diseases, especially of the liver.
MATERIALS AND METHODS
While no significant change in peptidase activity could be found after a meal (8) , fasting blood was used almost exclusively. It was drawn from the cubital vein, and the serum was separated by centrifugation as soon as clotting was complete. The serum was either used immediately or kept frozen at -180 C. for periods up to two weeks. The freezing had no deleterious effect on the enzyme activities.
Four commercially available peptides were used as substrates. They were glycyl-L-tyrosine (GTy), L-leucylglycine (LG), glycylglycine (GG) and glycylglycylglycine (GGG); their final concentration was 5 X 10' M. The buffer system was uniformly 0.06 M veronal-veronal sodium of pH 8.0 (9) , which is at or very near the peak of the dipeptidase activities (8) . The optimal condition for the tripeptidase of normal serum is approximately at pH 7 (10) ; however, it was found that in certain diseases, the activity at pH 8.0 is increased more than that at pH 7.0 (8), which has justified the use of one buffer for all four reactions. As shown by other workers (11, 1.7 Maclagan (17) and the sulfabromophthalein test as described by Magath (18) . The serum alkaline phosphatase was determined by the method of Bodansky (19) , and the serum bilirubin by the method of Powell (20) .
The patients studied were all hospitalized and diagnosis in most instances was made by liver biopsy or surgical confirmation except for a few cases of portal cirrhosis in which there were obvious clinical features of the disease with ascites.
RESULTS
In Figure la a comparison is made between the serum of normal men and that of normal women. There appears to be a slight tendency for the tripeptidase to be higher and for the GTy-splitting and GG-splitting enzymes to be lower in men than in women. If serum of children between the ages of 3 and 14 years is compared with that of adults of both sexes (Figure lb) , the tripeptidase seems to be higher and the GTy-hydrolyzing activity lower in children than in adults; however, the data are too few to allow a definite conclusion of this kind.
In Figures 2, 3 and 4 the results of an investigation on three serum peptidases in patients suffering from a variety of diseases are summarized and compared with the analyses on normal serum. The greater emphasis has been placed on liver diseases, since it was noted that in these conditions the activity of the peptidases deviates quite significantly from the normal pattern. For comparison, other pertinent data on the patients with liver disease are summarized in Table I . It will be seen that the tripeptidase activity (Figure 2) is increased in the majority of cases with liver injury. This effect appears to be greater in obstructive jaundice than in diseases affecting primarily the parenchymal cells. However, some elevation of the serum tripeptidase is often found in other diseases.
The data on the GTy-splitting enzyme are listed in Figure 3 . It will be noted that this activity is decreased in most cases in which the tripeptidase is elevated, with the exception of the patients suf- Data on the LG-hydrolyzing enzyme are very limited but are summarized in Figure 4 .' Although in normal serum, activity of this enzyme is extremely weak, it was observed to be rather high in five of the six cases of liver disease.
A few observations on the GG-hydrolyzing activity in the serum of patients with liver disease indicate that this enzyme activity may be somewhat decreased, as compared with the normal range.
These results may indicate that the enzymes acting on GGG and LG appear to be increased in liver disease, while those hydrolyzing GTy and GG have a tendency to be decreased.
In three patients with acute infectious hepatitis, serial determinaidons of the serum peptidases were 677 Figure 5 and include data on the alkaline phosphatase and bilirubin 1; they show that with the recovery from the disease, all enzyme activities tend to become normal.
Another patient suffering from stricture of the common bile duct and secondary biliary cirrhosis showed the expected change of the enzyme activities only during the first week after operation ( Figure 6 ). From then on, the trend was actually reversed in every instance, including that of the alkaline phosphatase. It may be that these data indicate irreparable damage to the liver parenchyma.
The high tripeptidase activity in the serum of patients with liver disease raised the question whether bile itself may contain this enzyme. Table II contains the results of the peptidase test on two specimens of bile which were collected through a T tube several days after a cholecystectomy and choledochostomy. The conditions of the test were in every respect the same as for serum, and the results are also expressed in p. It is interesting that the tripeptidase activity is very much higher than that of the other peptidases and that the GTy-splitting activity is especially low. This suggests that in cases of obstruction, part of the elevated serum tripeptidase has its origin in the bile. The objection may be raised that some constituents in the bile could have an activating effect on some, an inactivating effect on other peptidases. However, a mixture of serum and bile gave results which appear to be about equal to the sum of the activities of the two constituents when tested individually (Table II) . SUMMARY 1. The hydrolytic action of serum on glycylglycylglycine, L-leucylglycine, glycyl-L-tyrosine (both manganese-activated) and glycylglycine (cobaltactivated) was studied in a group of normal persons, in patients with liver disease and in patients with a variety of other pathologic conditions.
2. The greatest changes from the normal range were observed in those patients with disease of the liver. The activity of the tripeptidase was usually increased. In external hepatic obstruction and biliary cirrhosis, this increase appeared to be greater than in diseases of the liver parenchyma. The hydrolysis of L-leucylglycine, normally of a very low rate, was studied only in a few patients; it too appeared to be high in liver disease. In contrast, the hydrolysis of glycyl-L-tyrosine and glycylglycine showed a tendency to be low in all conditions affecting the liver. 3. The enzyme activities were followed in three patients with acute infectious hepatitis during the initial period of recovery, and a return toward normal was generally observed. A similar study was undertaken on two patients who underwent operation for obstructive conditions of the bile ducts. In one of these neither the peptidases nor the alkaline phosphatase returned to normal within the period of the study.
4. The analysis of human bile revealed a high tripeptidase activity and a low glycyl-L-tyrosine hydrolyzing power. The activities of the other two enzymes were intermediate.
